Abstract Climate change is increasingly affecting rural areas worldwide. The Lower Mekong Basin (LMB) is at particular risk due to heat stress, changing rainfall patterns, rising sea levels, and more frequent and extreme climatic events. It is imperative that local-level adaptation plans are developed in a manner that builds resilience to these growing threats. Strategies for developing adaptation plans tend to comprise predominantly science-led or predominantly Climatic Change (2018) 149:91-106 DOI 10.1007/s10584-016-1887 This article is part of a Special Issue on BClimatic Change and Development in the Mekong River Basin^edited by Jaap Evers and Assela Pathirana. community-led processes. This study examines an approach that balances inputs from both processes in characterizing community vulnerability as a component of the adaptation planning workflow. Evaluation sites are located within four distinct sub-regions of the LMB: the Vietnam Mekong Delta, the Annamite Mountains of Lao PDR, the Cambodia central lowlands, and the mid-elevation forests of northern Thailand. Our results indicate that by merging science-based data with community-level perspective, knowledge gaps from both sides are filled and a more comprehensive understanding of vulnerability is factored into adaptation planning.
Introduction
The Lower Mekong Basin (LMB) includes portions of the countries of Cambodia, Lao PDR, Thailand, and Vietnam. 1 The basin covers approximately 63 million hectares of land and supports around 65 million people, with roughly 80% dependent on agriculture and natural resources for their subsistence and livelihoods (MRC 2009 ). The Mekong region has been internationally recognized as a biodiversity hotspot, and the Mekong River itself supports the largest freshwater fishery in the world. Rice production has traditionally dominated the LMB's arable land use although commercialization of agriculture has led to the expansion of other crops throughout the basin such as rubber, coffee, various fruit trees, cassava, soybean, and sugarcane. Economic expansion and demographic shifts are transforming the economies and environment of the LMB at a pace and scale never before experienced. This trend brings expanding opportunities but also carries risks in terms of increased exposure to price shocks, natural resources degradation, and growing inequities (USAID 2013) .
All four of the LMB countries subject to this paper have segments of their populations that are chronically poor or are vulnerable to falling into poverty and food insecurity (USAID 2013) . These groups are acutely sensitive to adverse weather events such as floods and droughts and other types of extreme weather. In recent years the region has experienced its fair share of such extreme events. In 2011, the worst flood in Thailand's history killed over 800 people (Haraguchi and Lall 2015) across 86% of its provinces (World Bank 2012) . The impacts of the floods resulted in a 38% decrease in revenue generated from rice exports from the previous year (Nara et al. 2014) . Heavy rains in September and October of that same year in Cambodia affected over 1.5 million people, resulting in $624 million (USD) in economic losses -by far the most expensive natural disaster in Cambodian history-and damaged or destroyed 10% of the country's rice fields (ADB 2012) . Surface temperatures of 40°C and higher in 2015 and 2016 along with delayed starts to the rainy season upended traditional crop planting calendars in Lao PDR. The same extreme drought conditions contributed to severe food and water shortages throughout Vietnam, as well as saltwater intrusion in the delta due to the combined effects of sea level rise and reduced freshwater inputs from upstream sources. Rice yields in Vietnam's coastal provinces were significantly impacted as a result during the 2015-2016 growing season (CCAFS SEA 2016).
As numerous studies suggest, the LMB with its predominantly rural population will continue to be increasingly impacted by multiple climate threats in coming years (Eastham et al. 2008; Johnston et al. 2009; Mainuddin et al. 2010; USAID 2013; Hijioka et al. 2014) . Rising temperatures will continue to impact livelihoods throughout the basin, reducing yields of traditionally grown crops, lowering water quality to the detriment of aquaculture and capture fisheries, and putting at risk the health and safety of both livestock and people. Rainier wet seasons with more frequent and extreme storm events will exacerbate flooding, landslides, and crop and infrastructure damage and restrict critical access routes to markets and outside resources. Increasing storm surges along with an estimated 30-cm sea level rise by 2050 will continue to erode coastal areas and significantly elevate salinity levels in the Brice bowl^of the Mekong Delta (MONRE 2009; USAID 2013; Smajgl et al. 2015) .
There is growing awareness, spanning local to international actors, of the imminent need for appropriate adaptation to climate change (Conway and Mustelin 2014; Mimura et al. 2014) . As rural areas are on the frontlines of the change and particularly vulnerable to the effects of changing climate (Dasgupta et al. 2014) , building resilience in such communities is certainly a priority; less certain is how to do this effectively. Traditionally, two distinct approaches have been used to determine vulnerability as a basis for developing adaptation plans (Dessai and Hulme 2004; Mastrandrea et al. 2010; Bhave et al. 2013 ). Top-down or science-led approaches rely on climate projections to estimate changes to future climate, which then provide the foundation for evaluating specific vulnerabilities. Bottom-up or community-led approaches rely on real-life experiences at ground level to guide vulnerability assessments and strategic planning. Both viewpoints are important. The science offers insights into conditions that communities have not yet experienced but should be aware of in order to enhance resilience. As it can be challenging to distinguish short-term climate variability from the longer-term trajectory of climate change, the science helps ensure that proposed adaptations are not maladaptive in the context of the more far-reaching system shifts (Kates et al. 2012; Conway and Mustelin 2014; Finnis et al. 2015) . Meanwhile, communities offer critical insight into finer-level, site-specific details that the coarser-level modeling may not be able to discern (Tschakert 2007; Green et al. 2012; Pringle and Conway 2012; Nguyen et al. 2013) . They also provide important ground-truthing of science-based data and assumptions (Alexander et al. 2011; Jones et al. 2014; Shaffer 2014) . Furthermore, local participation in the process ensures that adaptation plans address beneficiary needs, essential to successful delivery of the project specifics (Khim and Phearanich 2012; Conway and Mustelin 2014) .
While both top-down and bottom-up processes are valuable in characterizing vulnerability, there are limited examples that show the outcome of merging these very different approaches in rural communities such that each is given equal weight. Mastrandrea et al. (2010) present a theoretical framework for integration, which incorporates (bottom-up) stakeholder-identified climate thresholds into (top-down) climate models to estimate the likelihood of crossing key limits for maintaining system function. Understanding the risks around reaching critical system thresholds enables decision-makers to focus and prioritize adaptation strategies. Elements of this conceptual framework have been incorporated within the community-level context of the present study.
For comparison are two integrative, community-focused approaches that have been tested in the field. In rural South Africa, Andersson et al. (2013) facilitated a stakeholder-driven analysis across three climate change scenarios to evaluate the likelihood of communityrelevant climate threats occurring more frequently in the future. Farmer groups were involved from the onset to identify the climate threats of the gravest concern to key livelihoods and to determine the best parameters for evaluating these threats. Researchers could then tailor climate modeling and analysis around the specific data needs of the community. Modeling results were subsequently presented to the farmer groups to help prioritize adaptation measures. In Tanzania, Girvetz et al. (2014) conducted conservation-focused adaptation planning in remote locations, using publically available climate data as a basis for their work with community forest managers. The local stakeholders generated hypotheses of change based on the climate data shared by project researchers. These hypotheses guided modification of existing conservation strategies to reflect the likely future shifts in climate.
While the LMB study subject to this paper includes elements of the described theory and case studies presented above, it also highlights the benefits of conducting an in-depth comparative analysis with community members to analyze key differences in science-generated data vs. community-based observations. This process provides a platform for learning and discovery for both the researchers and community members, ultimately leading to adaptation plans that address immediate needs for reducing climate vulnerability and at the same time build resilience given the long-term climate trajectory. Figure 1 summarizes this integrative adaptation planning approach.
Methods
The study evaluates and compares the results of conducting the integrative adaptation planning process across four distinct sites in the LMB (Fig. 2 ). Sites were selected to provide a representative cross-section of the range in societal and ecological conditions present within the basin. Thuan Hoa Commune lies within the rice-shrimp farming coastal zone of the Women were well represented in the planning process, spanning 47-61% of community participants across the four study sites. Thirty-to fifty-year-olds dominated the age divisions of Fig. 2 Location of study sites within the Lower Mekong Basin. Map inset sources: National Geographic, Esri, DeLorme, HERE, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, and iPC participants, as the study was purposely skewed toward working age community members; the vast majority were married and had children. Education levels generally fell below the secondary school level. Primary occupations included culture fisheries (60% in Vietnam), crop production (79 and 53% in Cambodia and Thailand, respectively), and animal husbandry (70% in Lao PDR). While the majority of participants perceived themselves as average income earners for village standards, a representative population of self-perceived poor income earners also participated in the planning processes (32-46% across the four sites). The detailed numbers and demographic profiles of community members who were directly involved with the planning processes are provided in Online Resource 1.
Methods are presented in detail in USAID (2013) and Gustafson et al. (2016) . Climate projections were developed assuming a conservative emissions scenario-IPCC SRES A1B-and by averaging the results from six global climate models (GCMs) that had performed well in previous studies of the Lower Mekong Region. Projections were downscaled to long-standing temperature and precipitation stations situated throughout the LMB. Data were then interpolated to provide a spatial continuum of results across the entire basin. Results include average daily maximum temperature (annual, dry season, and wet season), average rainfall (annual, dry season, and wet season), and average number of drought months per year. Baseline values for the period of 1980-2005 were compared with the projected values for the future period of 2045-2069. The A1B scenario was chosen because the results are within commonly accepted ranges for government and researchers in the region. Moreover, the study team found that for the Mekong Region, the variability in results between different scenarios was minor for the future evaluation period . Projections that extend farther into the future result in more significant differences between scenarios, although this was beyond the scope of the current study and not relevant for the future time period under consideration.
Raw station data for representative locations within selected Bhotspot^provinces were evaluated on a finer level. Daily results were compared for maximum and minimum temperature over both 25-year study periods. Monthly rainfall values were calculated at each of the representative stations for baseline vs. future periods and relative change determined. Rainfall for the largest annual storm event was also calculated over both 25-year periods and frequency of Blarge^storms (>100 mm/day) was determined.
Project facilitators conducted the science-driven vulnerability assessments during the first quarter of 2014 using climate projection data that was tailored to the province level. Key livelihoods were identified within the subject sites and vulnerability to climate change was assessed using the defining factors of exposure, sensitivity, and adaptive capacity. For the present study, exposure relates to the projected level of climate variables deemed important for community livelihoods at the evaluation sites, for example, daily maximum temperature, monthly and seasonal rainfall, sea level rise, etc. Sensitivity relates to the relative effects of the projected changes in climate on community livelihoods. For example, if average daily maximum temperature during the growing season was projected to rise from 33 to 35°C, rice crop sensitivity could be evaluated by looking at how such a change would affect yield. To aid in determining sensitivity, researched threshold values for the resources being considered were compared to the projected values of relevant climate variables. Adaptive capacity reflects the local context and ability to respond to or reduce the effects of climate change. For example, remote communities with less access to training and agricultural extension support tend to have lower adaptive capacity than communities located near main transportation routes with more established support networks. The three factors of vulnerability were evaluated qualitatively for key livelihoods at the study sites. Narrative descriptions and summary tables were prepared as a component of the analysis.
Community-identified vulnerability was assessed using a series of platforms ranging from baseline awareness surveys, key informant interviews, and a series of community workshops. The workflow generally involved the following steps, and occurring during the second quarter of 2014:
(1) Identification of assets and important livelihood resources through community mapping of physical and natural resources, and identification of livelihoods that are most important for subsistence and income generation. (2) Identification of the nature, location, and timing of climate threats using climate hazard maps (e.g., locating areas within villages that are prone to flooding, landslides, and droughts), seasonal calendars (e.g., noting key livelihood activities and typical timing of climate hazards such as drought, heavy rainfall, flooding), and historical climate hazard analysis producing a timeline of significant past climate events that had grave impact on livelihoods. (3) Ranking of livelihood vulnerability. Hazard maps are compared to asset and livelihood maps, climate hazard calendars are compared to production cycles for key crops, livestock, forest products, etc., and community factors relating to adaptive capacity are also considered.
The merging of perspectives took place during a series of community workshops, largely occurring within the third and fourth quarters of 2014. Data from both viewpoints were presented in an easy manner to interpret (maps, charts, and graphics), and community members were encouraged to do their own comparative analysis with ample discussion on similarities and reasons for discrepancies. The issue of uncertainty and assumptions underlying projection data was dealt with by presenting scientific results in terms of general trends and directionality rather than absolute numbers. Ultimately, the communities either confirmed or adjusted their preliminary evaluations of livelihood vulnerability considering the science-based analysis.
Communities then engaged in a problems and needs identification activity, which helped to generate more specific goals considering three time periods: today, next 5 years, and their children's life time. Strategies were brainstormed to meet these desired outcomes, which were then ranked in the context of how well they addressed the identified climate threats and vulnerabilities. The prioritized options provided the basis for developing the communities' adaptation plans. Due to the issue of uncertainty underlying future climate projections, communities were encouraged to develop no-regret solutions that focus on improving current conditions and would continue to benefit the community under a range of climate change and development outcomes.
Once adaptation plans were drafted, technical experts from relevant fields, e.g., water management, climate-smart agriculture, livestock rearing, etc., reviewed the plans and provided feedback regarding (1) the technical requirements of the proposed activities and potential for secondary impacts to other livelihoods and resources, (2) the feasibility of conducting the activities within program timeline and funding limitations, and (3) validation of whether and how the proposed activities would increase the community's climate change resilience. The experts presented their feedback directly to community members so that plans could be finalized in tandem.
Results

Climate threat analysis
Climate projections per USAID Mekong ARCC Climate Change Impact and Adaptation Study for the Lower Mekong Basin (USAID 2013) provided the basis for the science-led analysis of climate threats. At all four sites, community members corroborated temperature trends identified by the climate models. Most baseline survey respondents observed rising temperatures in the recent years (64%, n = 627 2 ), supporting the science-based projections of (annual average) daily maximum temperature increasing between 2.0 and 2.7°C by 2050. Heat spikes over the course of the growing season are projected to increase as much as 3.0°C, approaching 43.0°C in northern Thailand. Of the various climate factors analyzed in the study, rising temperature was identified most consistently as a primary threat by both the scientists and community members.
Potential threats from changing rainfall patterns were perceived less uniformly. The scientific process produced downscaled rainfall projections for the entire LMB aggregated by season (dry vs. wet) and at limited locations by month. Drought was evaluated per methodology developed by the Food and Agriculture Organization of the United Nations (FAO), determining drought for a given month if precipitation is less than 50% of potential evapotranspiration (PET). Number of drought months per year was interpolated across the basin. The climate models projected wet season rainfall to increase across all four sites, from +87 mm in the Vietnam Delta to +241 mm in Lao PDR. Dry season rainfall was projected to remain fairly constant or to increase somewhat in the case of Lao PDR (+49 mm). An extended period of drought (by roughly 2 weeks per year) was projected for sites in Cambodia and Vietnam.
In terms of changing rainfall patterns, communities voiced that their primary issues of concern were shifting seasonality and unpredictable timing of rainfall. Community members from all sites identified drought as one of the key threats of concern, and in the case of Lao PDR and Thailand in contrast to the scientific findings. The climate models also unanimously projected intensifying storms and more flooding for all four sites. Villagers in the Cambodia, Lao PDR, and Thailand sites corroborated these findings with observations of particularly intense storms and flooding (up to 16 days) in 2010, 2011, and 2013 . Despite their lack of concern with overall increases in total rainfall per season or year, the communities did view individual storm events as increasing in severity.
The Vietnam Delta site is distinct from the other three sites because it lies in a coastal plain farming landscape elevated just slightly above sea level. The science-based analysis identified heightened storm surge, sea level rise, and increasing salinity intrusions as significant threats to this delta site in addition to rising temperature and changing rainfall patterns. Per the baseline awareness survey, a minority (25%, n = 94) of community respondents in Vietnam indicated that sea level rise was impacting their community, and only 20% had observed increasing saltwater intrusion. As the study activities continued with focus group discussions and community workshops, more community members expressed concern with increasing salinity damaging rice crops and, in more extreme situations, impacting shrimp production.
Vulnerability analysis
Vulnerability to climate change was assessed for primary livelihoods within the study sites. In Thuan Hoa Commune (Vietnam), the rice-shrimp rotational farming system is the predominant inland practice. Traditionally, one rice crop per year is grown (August to December) when freshwater is ample, followed by shrimp production in the dry season (January to May) when salinity levels are higher. In the coastal zone, commune farmers culture crab, cockle, and saltwater fish species in addition to shrimp without rotation to rice. Vulnerabilities for both aquaculture and rainfed rice in Thuan Hoa Commune were assessed as detailed in Online Resource 2.
Both the science and the community indicated that heat spikes are problematic for aquaculture in the commune. Higher temperatures increase salinity and reduce dissolved oxygen in the ponds, putting additional stress on shrimp and other cultured species. The science also highlighted larger storm events as a primary threat during the already wet season due to the potential for damaging pond infrastructure and increasing the possibility of shrimp escaping. The community, however, was more concerned with unseasonal rainfall during the dry season, which can reduce salinity too much for shrimp culture.
Regarding rice, the science highlighted rising sea levels and increasing salinity as the primary factors driving vulnerability. Community members were initially more focused on issues related to non-climate drivers including poor management practices, such as extending the shrimp production phase too long and losing the opportunity to grow the rice crop. As the planning process ensued, community members gained more awareness around the potential effects of climate change. At the same time, the El Niño event became more pronounced with record-breaking temperatures and drought conditions (CCAFS SEA 2016), making community members that much more sensitive to climate-related impacts.
Ban Kouane and Ban Xong (Lao PDR) are located within approximately 10 km of one another and comprise a total of six sub-villages. These settlements are set within a rugged landscape dominated by karst topography and accessible by road only during the dry season. Nearly 65% of people live below the national poverty line. Rice production is essential to food security and is predominantly used for household consumption. Many families also own and tend to small-scale livestock production (poultry, pigs, and goats), a secondary subsistence livelihood that is critical for supplementing nutrition. The communities are intricately connected to forestland surrounding their households, catching aquatic animals from rivers and wetlands, and collecting other non-timber forest products (NTFPs) for household consumption and occasional sale.
The vulnerability assessment for the Lao PDR site is detailed in Online Resource 3, focusing on rainfed rice and livestock livelihoods. For rainfed rice, the science highlighted increasing temperatures and more frequent large storm events as the primary drivers of increasing vulnerability. Meanwhile, the villagers were more concerned with the late onset of rains, or interrupted rains during the otherwise wet season. For livestock, the science indicated numerous climate-related vulnerabilities that the villagers were not yet concerned with including heat stress, flash floods, and related spread of disease. The villagers instead were concerned with a deficit in water supply at the end of the dry season, exacerbated by inadequate infrastructure.
Chey Commune (Cambodia) is located in the central lowlands of Cambodia, approximately 50 km to the east of Tonle Sap lake. Of the sites evaluated, Chey is unique in that seasonal labor is a major component of the commune's livelihood structure. The population is periodically migratory, providing construction services in Thailand, working in garment factories in Phnom Penh, or on plantations (cashew, cassava, and rice) in surrounding provinces. In general, those who migrate leave during the dry season to make extra income and return to their households to grow rice during the growing season. Family members who stay in the community year-round (mostly grandparents and children) tend livestock (chickens, pigs, cattle, and water buffalo) for subsistence and occasional income generation. Online Resource 4 details the vulnerability assessment for the Cambodia site in regard to rice paddy production, labor for cash income, and livestock.
For rice, the science highlighted higher temperatures lowering yields as a primary cause of increasing vulnerability. As in the Lao PDR site, the Cambodia site villagers were more concerned with delays to the start of the rainy season impacting their crops. While labor opportunities were not assessed by the science-based analysis, community members identified vulnerabilities related to drought, flooding, and increasing temperatures that may lower yields or destroy crops, reducing/eliminating labor opportunities on plantations. Both the science and community members identified heat stress and flooding as problematic for livestock. The Cambodia site is also hampered by inadequate water supply infrastructure.
Huai Kang Pla Village (Thailand) is located in the northern and upper reaches of the LMB. It is predominantly forested with the community relying on a mix of livelihoods including upland rice, livestock (chickens and pigs), and the collection of NTFPs. As in Lao PDR and Cambodia, inadequate water supply infrastructure exacerbates dry season water shortages with the additional problem of water contamination following flood events. Online Resource 5 details the vulnerability assessment for the Thailand site. For upland rice, the science focused on increasing temperature effects while the community focused on unusual rainfall patterns. For livestock, the science highlighted impacts related to temperature and flooding while the community focused on drought. For the collection of NTFPs, the science again highlighted increasing temperature and flooding while the community was concerned with forest fires during the dry season, as well as flooding.
Comparative analysis
Based on the side-by-side review of the scientific vs. community evaluations, a number of findings lined up well. First, the higher temperatures observed in the recent years by the majority of community members corroborate the scientific projections that average temperatures are increasing and will continue to increase by as much as 2.7°C by 2050. In addition, the communities indicated that they have experienced larger storms in the recent years, which supports the scientific projections of more frequent and extreme storm events with climate change.
In terms of precipitation and changing rainfall patterns, the details of the community vs. scientific analyses begin to differ. There are several reasons put forward for these discrepancies. First, the results indicate a lack of fit for how some of the data was initially reduced and analyzed by the scientists vs. how community members viewed potential climate threats in the context of their livelihoods. In three of the four sites (Cambodia, Lao PDR, and Thailand), drought was a concern specifically in the context of impact on rice production, and the community members were primarily concerned with the timing of rainfall and its effect on key production periods. If there is an intermittent period without rain that is critical to the rice production cycle, the villagers define this rainy season interruption as drought. Scientific projections however indicate the rainy/growing season will become significantly wetter (by 9-12%) while dry season rainfall will remain fairly constant. Both perspectives may be accurately depicting the trend, however, if most of the increasing rainfall comes in increasingly larger storm events with dry periods in between. Additionally, while the FAO definition used by the scientists necessitated a monthly assessment of drought, the communities were concerned with shorter absences of rainfall that were not captured at that level.
There is also the issue of short-term, natural variability masking the longer-term climate change trend and influencing perspectives at the local level. The community work occurred during the developing stages of the recent El Niño event, which has resulted in severe drought throughout Southeast Asia in 2014 and 2015. El Niño is a significant contributor to rainfall variability within the Mekong Region; during El Niño periods, the LMB receives significantly lower rainfall with a corresponding reduction in river discharge . During periods of reduced rainfall and altered river hydrology, a decade-long trend of increasing rainfall is more easily illuminated by scientific analysis and harder to distinguish by those whose livelihoods are so tied to daily weather events and seasonal outlooks (Finnis et al. 2015) . Also, the three sites that identified drought as a primary threat were dealing with inadequacies in water supply infrastructure. While drought was of concern in the context of an annual hardship suffered by villagers at the end of the typical dry season, this concern may be less a function of increasingly dry years and more a characterization of a deficit in community resources and other non-climate factors linked to land use change (e.g., increased water use for agriculture and deforestation). Nevertheless, with the likelihood of climate change bringing more variable conditions in the region , these findings underlie a critical need to improve infrastructure and management and also prepare for the types of intermittent dry episodes that can be so damaging to agricultural livelihoods within the region.
Additional discrepancies may result from adaptation measures that currently address climate change experienced to date, but are not able to withstand the level of change anticipated for the future. For example, existing sluice gates and sea dykes in some areas of the delta may be adequately controlling sea level rise and salinity intrusion in certain areas. As sea level continues to rise, without additional measures in place, salinity levels will become intolerable to large areas of the delta requiring significant shifts in standard agricultural practices (Smajgl et al. 2015) . Ultimately, coastal areas will be inundated and for many the only option will be to migrate further inland.
Adaptation planning
Through facilitated workshops, community members reviewed the similarities and differences between the two analyses and discussed possible reasons for discrepancies. Likewise, project facilitators-representing the scientific viewpoint-were able to better understand the shortterm drivers of vulnerability that need to be addressed while keeping an eye on longer-term climate trends to avoid maladaptation. Following this synthesis of data and viewpoints, communities crafted adaptation plans that reflected their expanded understanding of vulnerability, addressing both short-term need deficiencies and longer-term climate outlooks. Table 1 presents a selection of community adaptation strategies and how these measures address specific climate threats and associated vulnerabilities. 
Discussion
The study illuminates the need for equal representation of both scientific and community perspectives when evaluating vulnerability to climate change threats. The science offers specific temperature and rainfall projections, useful for comparing to key threshold levels for crops, livestock, human health, and ecosystems to enable sound decision-making on how to invest resources over time (Mastrandrea et al. 2010) . Also, the science may be identifying patterns in rainfall and drought that community members are not picking up on yet-or temporarily forgetting due to shorter-term trends driven by phenomena such as El Niño. In some cases, e.g., in certain areas of the Vietnam Delta, adaptation measures to threats such as sea level rise and salinity may be mitigating impacts currently, but the science helps identify the critical need for additional measures to address the increasing magnitude of the threat over time (Kates et al. 2012) . Meanwhile, the communities highlight the importance of acquiring an adequate fit for data packaging and clarifying terminology when attempting to bring scientific information to the local level (Lemos et al. 2012 ). In the study sites, rainfall irregularity was a primary concern for villagers, particularly those who are dependent on rice production as their main livelihood; however, the scientific results did not specifically draw the same attention to this issue due to the coarser-level aggregation of results by seasonal averages. The communities need more detailed or shorter-term rainfall forecasts during the wet season that recognize seasonal variations that affect their crops, along with the longer-term projections associated with climate change. Furthermore, it is important to clarify key terms early in the community planning process as many climate variables with specific scientific definitions are used more loosely in regular conversations, as was experienced with the term drought in several of the study sites. Ideally, local participation earlier during the scientific data processing phase would enable projection results and terminology to be tailored most effective for stakeholders (Lemos et al. 2012; Andersson et al. 2013) . Additional tools to foster discussion around the base assumptions underlying climate projections and related uncertainty as well as communication around natural climate variability would also benefit community-level discussions and analysis (Finnis et al. 2015) . It is also valuable for communities to work with localized climate projections that characterize microclimatic conditions to the extent possible.
Ultimately, both the science and community perspectives are essential in crafting a holistic view of vulnerability that fuels the identification of appropriate and resilient adaptation measures. In order to have effective buy-in at the local level, community participation is essential, highlighting the day-to-day challenges related to both changing climate and natural variability. The science helps ensure the adaptation trajectory addresses the longer-term range in projection outlooks, maintaining resilience, flexibility, and a vision that captures the needs of future generations.
